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1. Introduction
In this contribution a brief summary of LTE Release-10 MU-MIMO schemes without inter-cell co-ordination is summarized and relevant issues are discussed.
2. Overview of MU transmission
Unlike Rel-9, with more than 2 DRS available in Rel-10 it is possible to transmit to more than 2 UEs in a MU fashion. With covariance matrices and CQI information feedback from UEs, the eNode-B scheduler may choose to schedule a DL transmission using SU or MU MIMO.  In the case of MU MIMO, the DL beamforming vectors are chosen to reduce the cross-user interference and to maximize the desired user signal strength simultaneously.  With DRS the eNode-B can calculate the MU-MIMO weights in any manner it sees fit, but one prevalent form is for the beamforming vector for UE-1 to be calculated by optimizing the following objective
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 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1)

where Rk denotes the averaged channel covariance matrix of UE-k over a group of frequencies and nik denotes the noise and interference power level at UE-k that can be directly reported or derived from UE-k CQI feedback.

It can be easily verified that the optimal solution for equation 
(1)

 is the eigen vector corresponding to the largest eigen value of  GOTOBUTTON ZEqnNum553471  \* MERGEFORMAT . In the case of SU-MIMO, the beamforming vectors are the eigen vectors corresponding to the largest Ns (where Ns is the rank) eigen values of R1 depending on the rank of transmission scheduled by the eNode-B. Note that a higher rank transmission in a MU scheme may also be possible using the multiple eigenvectors of 
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The estimate of the covariance matrix Rk at the eNodeB may be obtained using channel reciprocity and/or covariance feedback or PMI feedback depending on decisions made in RAN1. It may also be noted that in the particular case of PMI feedback it is possible to use alternate methods to compute a MU-MIMO beam weight using the same feedback contents. 
3. MU-MIMO related issues 

Feedback: While a covariance matrix can be estimated from SRS transmission in case of TDD, an efficient method for covariance matrix feedback is needed for FDD.  It is observed in [1] that from the perspective of maximizing MU-MIMO gains it is possible, yet sub-optimal to depend on the translation of UL covariance to DL covariance for FDD.  The feedback techniques will present a trade-off in terms of UE-complexity, uplink overhead, robustness to feedback errors and scalability to 8 Tx antennas and should support efficient SU and single-cell MU operation. 
· Feedback to support MU beamforming – covariance, codebook, other?

· Support for multi-stream MU-MIMO (> 1 stream per UE) needed?

If the UE does not receive an indication from the eNode-B that a particular allocation is MU-MIMO (i.e., the UE is unaware of the transmission type other than rank), then with DRS the support of multiple streams with MU-MIMO is straightforward (as long as there is flexibility in assigning DRS to each UE).  This would allow the eNode-B manufacturers additional flexibility in its design to be able to support MU-MIMO with rank greater than one if the manufacturers see a benefit.  If it is decided that the UE needs an indication of what other MU-MIMO UEs are also on its allocation including the other UE’s DRS, then the signaling overhead must be justified.

· CQI feedback based on MU awareness of UE? 
· Support for dynamic SU/MU switching and rank override by eNodeB

It has been observed that a significant fraction of UEs assigned rank-2 transmission in a SU system simulation is assigned rank-1 (MU) transmission in a SU+MU system simulation. In a typical Rel-8 PMI-based feedback setup the decision of transmission rank rests primarily on an UE. Therefore the eNodeB is restricted in its ability to assign a rank-1 (MU) transmission to an UE with rank-2 CQI/PMI/RI feedback. The point here is that even though from an UE perspective a rank-2 transmission is desirable, from an eNodeB perspective (system throughput) a rank-1 transmission may be optimal. We believe that a feedback method needs to be selected that provides this flexibility to the eNodeB. Covariance feedback has this ability to provide multi-rank CSI information to the eNodeB. 

Reference signals: The dedicated reference signal design should support up to 8 data-streams and should also be backward compatible with the rank-2 DRS design agreed for Release-9 dual-layer beam-forming. It is, however important to see how a 8-stream DRS pattern will affect the following-
· Support for transparently transitioning a UE with a given transmission rank from SU to MU MIMO and vice-versa. 
· Flexiblity in changing the number of paired UEs

PDCCH: The need for explicitly indicating the RBs with MU-MIMO transmission is for further investigation. It is also desirable that the PDCCH is able to assign rank-1 (and higher) SU and rank-1 MU transmission schemes to a UE in a dynamic way.  
The need for indicating whether a RB or a group of RBs is being using for MU-MIMO is for further investigation.  Also the need for indicating which DRS ports are assigned to co-scheduled UEs in MU-MIMO which may help receive algorithms like MMSE interference suppression is for further investigation.  Finally the need for indicating the modulation along with the DRS ports for co-scheduled UEs in MU-MIMO which may help successive interference cancellation or ML receivers is for further investigation.
· Need for indicating MU transmission for a RB or group of RBs?

· Need for indicating additional information about co-scheduled UEs (ports, modulation)?

4. Impact on Specifications 

Reporting Modes: Support for a new feedback (covariance, codebook etc.) is needed. The ability of configuring a UE for computing the feedback over wideband or a specified sub-band or multiple sub-bands is needed. This implies the need for defining additional reporting modes.

Reference signals: In addition to CRS for estimating CQI and the covariance matrix, the support of 8-stream dedicated RS for demodulation is needed. The ability of a UE to estimate cross-talk using dedicated RS of another UE is for further investigation.

DCI Formats: Additional DCI formats may be needed to support dynamic switching among SU with different ranks and MU based on covariance or other feedback. The need for indicating RBs with MU-MIMO is for further investigation.  
Conclusions

In this contribution a brief overview of un-coordinated MU-MIMO and the relevant issues that need to be addressed are summarized.
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